It has been our observation that in the presence of concave deformity of the skin flap following large decompressive craniectomy, unexpected neurological deterioation would occur independently of the primary disease or natural improvement would be unduly impaired, and that such unfavorable phenomena were reversed by cranioplasty. In order to know the true incidence and the nature of this phenomenon, 33 consecutive cases were analyzed. Nine of 30 patients (30%) with flat or sinking skin flap showed prompt improvement following cranioplasty. The best 'candidates' for maximum benefit of cranioplasty were those with moderate grade neurological deficits in addition to the presence of concave deformity of skin flap (successful rate of 88%; 7 among 8 patients).
will improve the disturbed cerebral function. Our first observation') of this rather unusual phenomenon goes back to 1969, when a 48-year old man experienced neurological deterioration with concavity of the skin flap on two occasions and these neurological deficits were dramatically improved by cranioplasties. Following this ex perience, similar episodes in four more cases were reported in retrospective analysis of a large series of cranioplasty following decompressive craniectomy.9) During the last 2 years at Chiba University Hospital, 33 such consecutive cases were eval uated carefully before and after cranioplasty, not only with respect to neurological status, but also by electroencephalography (EEG) and cer ebrospinal fluid (CSF) pressure in order to learn the true incidence and the nature of the pheno menon.
Material and Method
Thirty three consecutive cases with large cra nial defects following decompressive craniec tomy, admitted for cranioplasty in the period of 2 years commencing January 1975, were ana lyzed. All patients underwent unilateral or bi lateral craniectomy 12 to 18 months (mean: 8.4 months) previously for raised intracranial pres sure due to various conditions-intracranial tumor in 13, cerebrovascular disease in 10, cer ebral contusion in 8, and brain abscess in 2. Cranioplasty for depressed fracture of any large size was excluded from this series. A shunt system had been placed in 10 of them. Age distribution was from 5 to 69 years (mean: 40 years) with a sex ratio of 19 male and 14 female.
Cranioplasty was performed with a simplified technique; an artificial bone flap was made of rapidly polymerizing methylmetacrylate so as to reform the normal curvature of the vault and this was placed over the temporal fascia-muscle dura mater complex, without dissecting such structures to expose the dura mater, in an at tempt to prevent undue intradural involvement or complication of postoperative CSF col lection. Detailed neurological examination was carried out before and after cranioplasty and repeated until discharge, with pre and post operative EEG studies and CSF pressure measurement by lumbar puncture. Subjective improvement of the patient, which could not be confirmed by objective findings, was not in cluded in the considerations. Results a. Neurological improvement after correction of the skin flap deformity by cranioplasty Preoperative condition of the skin flap was classified into 4 types; `sinking,' `flat,' `full' and `bulging' (Table 1 ) and neurological status before cranioplasty into 5 grades (Table 2) ; `normal ,' `minimal' (with only minimal deficits which would be detected only in detailed exam ination; many of the patients had returned to normal life), `moderate' (with unequivocal de ficits but capable of self-care), `severe' (incap able of self-care because of dense hemiplegia, aphasia or other abnormalities), and `veg etative.' Neurological tutus before cranioplasty was judged normal in 4 and abnormal in 29 patients.
Neurological improvement after cranioplasty was observed in 9 among all 29 abnormal pati ents (30%) or in 9 among 26 abnormal patients with sinking or flat skin flap (35%) ( Table 2) . It is interesting to see such improvement con centrated in cases of moderate neurological deficits with sinking or flat skin flap (7 among 8 patients (88%)). In each group of minimal deficits (8 patients) or of severe deficits (9 pa tients), only 1 patient showed improvement. Even in the presence of the sinking skin flap, noen of 2 vegetatives showed any detectable improvement. There was no specific tendency in age distribution. In this series, the number of pa tients with full or bulging skin flap is too small to be reasonably compared with those with sinking skin flap; the greatest chance of im provement, however, would be expected in those with moderate neurological deficits and with skin flap of the sinking or flat type, and less possibility in those with minimal or severe neur ological deficits, especially in the light of our previous analysis.9) Accordingly, `candidates' for maximum benefit of cranial repair by cranioplasty would be defined as patients with `sinking' or `flat' ski n flap and with neurological deficits of `moderate' grade. Table 3 shows the effects of cranioplasty on neurological status in relation to the primary disease. Meningioma was the largest in number, occupying one third in this series and had the greatest chance of improvement as seen in 6 out of 11 patients (55%). Among 6 aneurysms and 8 trauma cases, there was only one patient in each category who showed neurological improve ment. However, it is not clear whether this favorable trend in meningioma is due to the nature of the primary disease or due to the incidental frequency of `candidate' patients.
Time elapse from the decompressive craniec tomy to the cranioplasty was 12 to 18 months mean 8.4 months). Unreasonable delay of the cranial repair would be considered to give longer exposure to the risk of concave deformity of the intracranial structure under the sinking skin flap. Mean time elapse was 9.8 months in pa tients who responded with neurological im provement to the cranial repair, in contrast with 7.8 months in those with no improvement. How ever, this difference fell outside the area of statistical significance.
As for the 9 patients with a shunt system, as indicated in Table 2 , the skin flap was sinking in 8 with previous shunt system but it was bulging in one who underwent shunting for hydro cephalus and cranioplasty simultaneously. Neurological improvement was seen in 3 out of 7 patients with shunt system (43%) with neuro logical 21 comparable patients (29%) without shunt system.
b. Measurement of CSF pressure
Opening pressure was recorded on lumbar puncture, performed in lateral position with the craniectomized side up, before and after cranioplasty in 10 patients and in 5 other pa tients only before the procedure; in 2 of the latter, puncture was unsuccessful even though performed by the well-experienced operatives (Table 4) . With only one exception, preoperative CSF pressure was below the level of 80 mmH2O, including 4 studies which showed CSF pressure lower than that of the atmosphere. 
The reference point is at the level of puncture site in the lateral position.
* ---shunting procedure Table 5 EEG and neurological changes following cranioplasty.
Not including patients with normal neurological status.
All patients with sinking or flat skin flap.
The most striking improvement in EEG was that of paroxysmal abnormalities. Dys rhythmias, slow abnormalities and lazy activ ities also showed significant improvement (Table 6 ). However, low voltage slow abnor mality in 2 vegetatives remained unchanged after cranioplasty with their stational grave clinical picture.
Only one exception here is a 23-year-old male, who had undergone bilateral craniectomy and shunt procedure for intraventricular extension of oligodendroglioma, but who showed definite improvement in his left hemiparesis within 2 days after the cranioplasty. However, EEG at the 12th day after cranial repair showed mild progression of slow activities from 6 Hz to 5 to 6 Hz over the right hemisphere. No further study was carried out. Table 6 Changes in each EEG abnormality following cranioplasty.
d. Presentation of cases
Case 17: 31-year-old female. Primary disease: right frontal convexity meninigioma On Apr. 15, 1975, a convexity meningioma was totally removed under surgical microscope and the bone flap was discarded for possible postoperative cerebral edema. Post-operative course was uneventful and she was discharged with only minimal weakness of the left arm. With the onset of marked concavity over the craniectomized area, she noticed progressive clumsiness in her left hand fingers. Cranial re pair was immediately undertaken and her clumsiness cleared up promptly. Preoperative lumbar puncture showed opening pressure of 70 mmH2O with total protein of 29 mg% (Table  4) . EEG on July 26, 1975 (Fig. la) , showed fairly well ordered alpha activity of 10 Hz. This back ground activity deteriorated into 7 to 8 Hz on Nov. 5, 1975 (Fig. lb) , when the skin flap began to sink. After correction of this deformity by cranioplasty, the EEG finding on Nov. 24, 1975 (Fig. lc) , showed great improvement in accord ance with her clinical course.
Case 18: 43-year-old female. Primary disease: left sphenoid wing meningioma.
An extensive meningioma from the left sphe noid wing, involving the left middle cerebral artery, was partially removed, and the bone flap not replaced, for decompressive purposes, on Nov. 28, 1974, and a shunt device was inserted for post-operative hydrocephalus in 6 weeks. She was discharged with right hemiparesis, dys phasia and a variety of left parietal lobe signs. Because of gradual deterioration during the 10 months after the primary surgery, she was ad mitted under suspicion of further growth of tumor. Her large skin flap was flat. Various radiological investigations showed no changes in the size of the residual tumor. Cranial repair alone was performed on Nov. 27, 1975, with results of marked improvement in her dysnomia and weakness, particularly in skillfulness of in dividual fingers and of foot tapping from the 5th day after surgery. EEG findings coincided with this clinical course.
Case 19: 51-year-old female. Primary disease: ruptured aneurysm of right middle cerebral artery.
On May 31, 1974, an aneurysm of the right middle cerebral artery was successfully oblit erated and the bone flap was removed for the purpose of external decompression. She was discharged with residual left hemiparesis, sen sory deficits and right parietal lobe signs. These neurological deficits persisted with marked con cavity of the skin flap. On Dec. 16, 1975, the skin flap deformity was corrected by cranioplasty, followed by remarkable improvement in her neurological status within 3 days. She was then walking without foot-dragging and fine finger motion was much better. Initially low CSF pres sure of 50 mmH2O rose up to 100 mmH2O after cranial repair and total protein remained within normal limits (Table 4) . High amplitude delta activitiies in EEG greatly diminished and alpha rhythms appeared over the right hemisphere postoperatively (Fig. 2a, 2b) . 
